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Description
Field

[0001] The presentinvention relates to cell counting devices, and in particular to the use of such devices for detecting
and counting live phytoplankton cells in ballast water. More specifically, the invention relates to a method and cell counting
device for counting photoactive cells.

Background

[0002] The international maritime industry, with more than 70,000 merchant vessels, is responsible for transporting
more than 80% of the goods traded in world markets. Accordingly, it can be viewed as a foundation of the global economy.
However, commercial shipping requires the use of ballast water, which is taken up when cargo is unloaded and discharged
when cargo is loaded. The ballast water can contain marine life. Accordingly, when the water is discharged it can result
in the introduction of aquatic invasive species to coastal waters where they can cause enormous ecological and economic
damage.

[0003] The International Maritime Organization’s (IMO) International Convention for the Control and Management of
Ships’ Ballast Water and Sediments, adopted in 2004 but not yet ratified or entered into force, includes a discharge
standard to reduce the transport and delivery of potential Aquatic Nuisance Species. Concurrently in the United States,
the U.S. Coast Guard (USCG) developed and finalized ballast water discharge standards (BWDSs) that limit concen-
trations of living organisms that can be released with ballast water and new regulations that require ship operators to
meet those limits. The USCG discharge standard, which is the same as that of the IMO, will begin to apply to ships
constructed on or after December 1, 2013 and for ships constructed prior to that date in 2014 or 2016, depending on
ballast water capacity.

[0004] To addressthe IMO and U.S. discharge standards, technology developers and manufacturers around the world
have designed and builta variety of on-board ballast water treatment systems (BWTS) to achieve the prescribed discharge
limits. To date, several dozen BWTS have been tested by independent laboratories and have received type approval
certifications from various international administrations in accordance with the IMO convention. These systems include
treatment processes such as: de-oxygenation, filtration, ultraviolet radiation, ozonation, and various chemical treatments,
including electro-catalytic chlorination, peracetic acid, hydrogen peroxide, perchloric acid, and chlorine dioxide.

[0005] The BWDSs limit the cell concentration within a ballast water sample to 10 live phytoplankton cells per mL, for
cells greater than or equal to 10 wm and less than 50 pm in the smallest dimension. This value can be associated with
a variable fluorescence which is set as a threshold, and a sample is said to pass or fail the test according to whether or
not its variable fluorescence exceeds this threshold. However, variable fluorescence per cell varies by more than a factor
of 100, and so the variable fluorescence of the sample cannot be used to accurately determine the number of live
phytoplankton cells within a sample (or, in other words, the cell concentration).

[0006] Atpresent, known technologies generate a pass or fail result based only on the measured variable fluorescence,
as required by the BWDSs. In other words, known technologies may fail a sample that emits a large variable fluorescence,
because this gives the impression of a high cell density, but in reality the sample may contain only a few cells that happen
to be highly emissive (such as Thalassiosira punctigera). This is a false positive result.

[0007] The document US 2012/208264 A1 discloses an apparatus for detection of living phytoplankton cells and/or
microorganisms in a water source having at least one fluormeter for determination of minimal and maximal fluorescence
within a test space wherein the fluormeter has at least one light source and at least one detector and further wherein
an analyzer unit is provided for determination of the variable fluorescence and whereby the number of living phytoplankton
cells and/or microorganisms of a reference species in at test space can be calculated as a function of the variable
fluorescence.

[0008] The documents Heinz Walz GmbH: "Phytoplankton Analyzer PHYTO-PAM and Phyto-Win Software V 1.45",
1 July 2003, pages 1-127, Germany, DE 199 30 865 A1 and W02016/071356 A1 disclose further apparatuses for
detection of living phytoplankton cells and/or microorganisms in a water source.

[0009] It follows that there are currently no commercially available technologies to reliably monitor the density (or cell
concentration) of live phytoplankton cells within ballast water, in real-time.

[0010] It would be readily apparent that the same problem of not being able to accurately determine cell density, and
consequently cell count for a known sample volume, would be relevant to other fields such as experiments involving cell
cultures and assays, or in testing waterways.

[0011] Aspects of the present invention aim to address one or more drawbacks inherent in prior art methods and
apparatus for detecting photoactive cells, particularly in ballast water.
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Summary

[0012] According to a first aspect of the present invention, there is provided, as defined in claim 1, a cell counting
device for estimating the number of photoactive cells in a sample.

[0013] According to the invention, the device of the first aspect provides a means for accurately estimating the number
of photoactive cells in a sample. Further advantages are set out in the detailed description that follows.

[0014] According to the invention, the at least one light source is configured to generate a plurality of pulses of light,
and the light detector is configured to receive light from the sub-sample at time intervals less than the duration of each
pulse of light to form alight signal. The at least one light source is configured to generate pulses of light having a frequency
of preferably between 10 Hz and 100 Hz, more preferably between 20 Hz and 80 Hz, and most preferably between 30
Hz and 60 Hz. The frequency is preferably less than 50 Hz. The at least one light source is configured to generate pulses
of light having a duration of preferably between 200 s and 700 s, more preferably between 300 ws and 600 us, and
most preferably between 350 ws and 450 ps. The duration is preferably less than 500 ps. The duration is preferably
more than 300 ps. In an exemplary embodiment, the at least one light source is configured to generate pulses of light
having a duration of 400 ps and a frequency of 40 Hz.

[0015] Calculating the distribution comprises the controller being configured to calculate and store the F,, value of each
sub-sample in the predetermined number of sub-samples.

[0016] Accordingto the invention, the controller is be configured to calculate the F,, value of a sub-sample by estimating
a minimal fluorescence [F_] of the sub-sample using regression analysis of a first part of the light signal, estimating a
maximal fluorescence [F ] of the sub-sample using regression analysis of a second part of the light signal, and subtracting
F, from F,.

[0017] If an F, value for each of the predetermined number of sub-samples is stored, the controller is, according to
the invention, configured to calculate the mean of the stored F, values, and store the distribution of distance from the
mean of each F,, value.

[0018] According to the invention, the controller is configured to integrate the distribution to provide an estimate of the
number of cells within the sample.

[0019] Preferably, the controller is configured to estimate the cell density of the sample by dividing the estimate of the
number of cells by the volume of the sample.

[0020] Preferably, the controller is configured to perform an action if the estimated cell density is greater than a first
cell density threshold. More preferably, the cell counting device further comprises a means for indicating to the user that
the estimated cell density exceeds the first cell density threshold, and the action comprises activating the indicating
means. Even more preferably, the indicating means comprises at least one of a display, an alarm and an indicator light.
Alternatively, the cell counting device is coupled to an external display device, and the controller is configured to perform
an action comprising controlling the external display device to display a message. Alternatively again, the cell counting
device is coupled to a ballast water treatment system, and the controller is configured to perform an action comprising
controlling the ballast water treatment system to eliminate live cells.

[0021] Preferably, the cell counting device further comprises an outlet in fluid communication with the chamber for
draining the sample from the chamber. More preferably, the cell counting device further comprises an inlet in fluid
communication with the chamber, arranged such that water can continuously flow from the inlet, through the chamber,
to the outlet in a first mode of operation. Even more preferably, the chamber comprises a removable blocking member
for blocking the inlet or the outlet to allow a discrete sample to be measured in a second mode of operation.

[0022] Preferably, the cell counting device further comprises a stirrer configured to stir the sample, such that each
sub-sample is exchanged with the sample. More preferably, the stirrer is arranged to pass through a side wall of the
chamber. Alternatively, the blocking member comprises the stirrer.

[0023] Preferably, the cell counting device further comprises a valve arranged in at least one of the inlet or the outlet
operable to allow the cell counting device to alternate between the first mode of operation and the second mode of
operation, wherein in the first mode of operation the valve is open, and in the second mode of operation the valve is
closed. The cell counting device may first measure a sample in continuous-flow mode, and then switch to discrete-
sample mode to take a more accurate measurement. The cell counting device may then continue in stop-flow mode so
as to alternate between continuous-flow mode and discrete-sample mode at regular intervals. Here, the first mode of
operation is the continuous-flow mode and the second mode of operation is the discrete-sample mode.

[0024] Preferably, the controller is configured to calculate the variable fluorescence of a sub-sample while the cell
counting device operates in the first mode of operation, and if the variable fluorescence is less than a first F,, threshold
and is greater than a second F,, threshold being less than the first F,, threshold, the valve is closed and the cell counting
device is configured to switch to operate in the second mode of operation.

[0025] Alternatively or additionally, if the estimated cell density exceeds a second cell density threshold less than the
first cell density threshold, the cell counting device is arranged to switch to the first mode of operation from the second
mode of operation at an increased frequency.
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[0026] Preferably, the cells are biological fluorophores. More preferably, the sample is ballast water, and the cells are
preferably phytoplankton. Alternatively, the cells comprise a photoactive organic dye.

[0027] Preferably, the volume of each sub-sample is between 0.5% and 50% of the sample volume. More preferably,
the volume of each sub-sample is between 1% and 20% of the sample volume. Most preferably, the volume of each
sub-sample is between 2% and 5% of the sample volume. In an exemplary embodiment, the volume of each sub-sample
is 2.5% of the sample volume.

[0028] The sample may comprise cells of different sizes, and the controller is preferably further configured to calculate
an average F, per cell for the cells contributing to the distribution. More preferably, the controller is further configured
to estimate the F, attributable to the cells that contribute to the distribution. More preferably, the controller is further
configured to subtract the F, attributable to the cells that contribute to the distribution from the total F,, to estimate the
F, attributable to cells having a threshold F,, per cell that is too small to contribute to the distribution. The threshold F,,
per cell is preferably about 5% of the average F,, for the cells that do contribute to the distribution.

[0029] According to a second aspect of the present invention, there is provided, as defined in claim 11, a system
comprising:

a ballast water treatment system; and
the cell counting device according to the first aspect,

wherein the cell counting device is configured to control the ballast water treatment system to activate a means for
eliminating live cells if the estimated cell density exceeds a cell density threshold.

[0030] According to a third aspect not being within the scope of the claimed invention, there is provided a system
comprising:

a measurement device comprising:

a chamber for receiving a sample;

at least one light source to generate at least one pulse of light and emit the at least one pulse of light towards
a section of the chamber, wherein the section of the chamber comprises a sub-sample of the sample; and

a light detector to receive light emitted from the sub-sample in response to receiving the at least one pulse of
light and to generate an electronic signal associated with the received light;

an interface for electronically coupling the device to a computing device; and

a computing device comprising:

an interface for electronically coupling the computing device to the measurement device such that the computing
device receives an electronic signal associated with the received light; and

a controller configured to estimate the number of photoactive cells in the sample by calculating the distribution
of variable fluorescence [F,] values of a predetermined number of sub-samples about the mean F,, value.

[0031] Preferably, the at least one light source is configured to generate a plurality of pulses of light, and the light
detector is configured to receive light from the sub-sample at time intervals less than the duration of each pulse of light
to form a light signal. The at least one light source is configured to generate pulses of light having a frequency of preferably
between 10 Hz and 100 Hz, more preferably between 20 Hz and 80 Hz, and most preferably between 30 Hz and 60 Hz.
The frequency is preferably less than 50 Hz. The at least one light source is configured to generate pulses of light having
a duration of preferably between 200 ps and 700 ps, more preferably between 300 ps and 600 s, and most preferably
between 350 ps and 450 ps. The duration is preferably less than 500 p.s. The duration is preferably more than 300 us.
In an exemplary embodiment, the at least one light source is configured to generate pulses of light having a duration of
400 ps and a frequency of 40 Hz.

[0032] Preferably, calculating the distribution comprises the controller being configured to calculate and store the F,
value of each sub-sample in the predetermined number of sub-samples.

[0033] Preferably, the controller is configured to calculate the F, value of a sub-sample by estimating a minimal
fluorescence [F,] of the sub-sample using regression analysis of a first part of the received light signal, estimating a
maximal fluorescence [F ] of the sub-sample using regression analysis of a second part of the received light signal, and
subtracting F, from F,.

[0034] Preferably, if an F, value for each of the predetermined number of sub-samples is stored, the controller is
configured to calculate the mean of the stored F,, values, and store the distribution of distance from the mean of each
F, value. Even more preferably, the controller is configured to integrate the distribution to provide an estimate of the
number of cells within the sample.
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[0035] Preferably, the controller is configured to estimate the cell density of the sample by dividing the estimate of the
number of cells by the volume of the sample.

[0036] Preferably, the controller is configured to perform an action if the estimated cell density is greater than a first
cell density threshold.

[0037] Preferably, the system further comprises a means for indicating to the user that the estimated cell density
exceeds the first cell density threshold, wherein the action comprises controlling the indicating means. More preferably,
the indicating means comprises at least one of a display on the measurement device, a display on the computing device,
an alarm and an indicator light. Alternatively, the system further comprises a ballast water treatment system, and per-
forming an action comprises controlling the ballast water treatment system to eliminate live cells.

[0038] Preferably, the measurement device further comprises an outlet in fluid communication with the chamber for
draining the sample from the chamber. More preferably, the measurement device further comprises an inlet in fluid
communication with the chamber, arranged such that water can continuously flow from the inlet, through the chamber,
to the outlet in a first mode of operation.

[0039] Preferably, the chamber comprises a removable blocking member for blocking the inlet or the outlet to allow a
discrete sample to be measured in a second mode of operation.

[0040] Preferably, the measurement device further comprises a valve arranged in at least one of the inlet or the outlet
operable to allow the measurement device to alternate between the first mode of operation and the second mode of
operation, wherein in the first mode of operation the valve is open, and in the second mode of operation the valve is closed.
[0041] Preferably, the controller is configured to calculate the variable fluorescence of a sub-sample while the meas-
urement device operates in the first mode of operation, and if the variable fluorescence is less than a first F,, threshold
and is greater than a second F,, threshold being less than the first F,, threshold, the valve is closed and the measurement
device is configured to switch to operate in the second mode of operation.

[0042] Preferably, if the estimated cell density exceeds a second cell density threshold less than the first cell density
threshold, the measurement device is arranged to switch to the first mode of operation from the second mode of operation
at an increased frequency.

[0043] Preferably, the system further comprises a stirrer configured to stir the sample, such that each sub-sample is
exchanged with the sample. More preferably, the stirrer is arranged to pass through a side wall of the chamber. Alter-
natively, the blocking member comprises the stirrer.

[0044] Preferably, the cells are biological fluorophores. More preferably, the sample is ballast water, and the cells are
preferably phytoplankton. Alternatively, the cells comprise a photoactive organic dye.

[0045] Preferably, the volume of each sub-sample is between 0.5% and 50% of the sample volume. More preferably,
the volume of each sub-sample is between 1% and 20% of the sample volume. Most preferably, the volume of each
sub-sample is between 2% and 5% of the sample volume. In an exemplary embodiment, the volume of each sub-sample
is 2.5% of the sample volume.

[0046] The sample may comprise cells of different sizes, and the controller is preferably configured to calculate an
average F, per cell for the cells contributing to the distribution. More preferably, the controller is further configured to
estimate the F, attributable to the cells that contribute to the distribution. More preferably, the controlleris further configured
to subtract the F, attributable to the cells that contribute to the distribution from the total F,, to estimate the F,, attributable
to cells having a threshold F,, per cell that is too small to contribute to the distribution. The threshold F, per cell is
preferably about 5% of the average F, for the cells that do contribute to the distribution.

[0047] According to a fourth aspect of the present invention, there is provided, as defined in claim 12, a method of
counting cells.

[0048] The method comprises, according to the invention, generating a plurality of pulses of light, and receiving light
from the sub-sample at time intervals less than the duration of each pulse of light to form a light signal. Preferably, the
method comprises generating pulses of light having a frequency of preferably between 10 Hz and 100 Hz, more preferably
between 20 Hz and 80 Hz, and most preferably between 30 Hz and 60 Hz. The frequency is preferably less than 50 Hz.
Preferably, the method comprises generating pulses of light having a duration of preferably between 200 ws and 700
ws, more preferably between 300 ps and 600 ps, and most preferably between 350 ps and 450 ps. The duration is
preferably less than 500 ps. The duration is preferably more than 300 ps. In an exemplary embodiment, the method
comprises generating pulses of light having a duration of 400 ws and a frequency of 40 Hz.

[0049] According to the invention, calculating the distribution comprises calculating and storing the F,, value of each
sub-sample in the predetermined number of sub-samples.

[0050] Accordingtothe invention, calculating an F,, value of a sub-sample comprises estimating a minimal fluorescence
[F,] of the sub-sample using regression analysis of a first part of the light signal, estimating a maximal fluorescence [F
of the sub-sample using regression analysis of a second part of the light signal, and subtracting F, from F,.

[0051] IfanF, value for each of the predetermined number of sub-samples has been stored, calculating the distribution,
according to the invention, comprises calculating the mean of the stored F,, values, and storing the distribution of distance
from the mean of each F,, value.
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[0052] According to the invention, the method comprises integrating the distribution to provide an estimate of the
number of cells within the sample.

[0053] Preferably, the method further comprises estimating the cell density of the sample by dividing the estimate of
the number of cells by the volume of the sample.

[0054] Preferably, the method further comprises performing an action if the estimated cell density exceeds a first cell
density threshold. More preferably, performing the action comprises indicating that the estimated cell density exceeds
the first cell density threshold. Even more preferably, indicating that the estimated cell density exceeds the first cell
density threshold comprises at least one of controlling a display to display a message, activating an alarm, or activating
an indicator light. Alternatively, performing the action comprises controlling a means for exterminating live cells.
[0055] Preferably, the method further comprises stirring the sample if the number of stored F,, values is less than the
predetermined number of sub-samples.

[0056] Preferably, the method comprises receiving the sample while operating the cell counting device in a continuous-
flow mode, stopping the continuous flow of sample, and performing the method as previously described while operating
the cell counting device in a discrete-sample mode. More preferably, the method further comprises operating the cell
counting device in a continuous-flow mode, and calculating the variable fluorescence of the sub-sample, wherein if the
variable fluorescence of a sub-sample is less than a first F,, threshold and is greater than a second F, threshold being
less than the first F,, threshold, the method comprises stopping the continuous-flow mode and performing the method
as previously described while operating the cell counting device in a discrete-sample mode.

[0057] The method alternatively or additionally further comprises reducing the time period between receiving the
sample and stopping the continuous flow of sample if the estimated cell density exceeds a second cell density threshold
less than the first cell density threshold.

[0058] Preferably, the cells are biological fluorophores. More preferably, the sample is ballast water, and the cells are
preferably phytoplankton. Alternatively, the method further comprises applying a photoactive organic dye to the cells.
The organic dye provides a photoactive response in cells that would not normally fluoresce.

[0059] Preferably, the volume of each sub-sample is between 0.5% and 50% of the sample volume. More preferably,
the volume of each sub-sample is between 1% and 20% of the sample volume. Most preferably, the volume of each
sub-sample is between 2% and 5% of the sample volume. In an exemplary embodiment, the volume of each sub-sample
is 2.5% of the sample volume.

[0060] The sample may comprise cells of different sizes, and the method preferably further comprises calculating an
average F, per cell for the cells contributing to the distribution. More preferably, the method further comprises estimating
the F,, attributable to the cells that contribute to the distribution. More preferably, the method further comprises subtracting
the F,, attributable to the cells that contribute to the distribution from the total F, to estimate the F,, attributable to cells
having a threshold F,, per cell that is too small to contribute to the distribution. The threshold F,, per cell is preferably
about 5% of the average F,, for the cells that do contribute to the distribution.

[0061] All features described herein (including any accompanying claims, abstract and drawings), and/or all of the
steps of any method or process so disclosed, may be combined with any of the above aspects in any combination,
except combinations where at least some of such features and/or steps are mutually exclusive.

Brief Description of the Figures

[0062] Embodiments of the present invention will now be described, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 shows a schematic diagram of a phytoplankton’s response to light;

Figure 2 shows an example of a fluorescence response of a phytoplankton cell;

Figure 3 shows a system diagram of a cell counting device according to an embodiment of the present invention;
Figure 4 shows a light source array according to an embodiment of the device;

Figure 5 shows an optical arrangement of the cell counting device shown in Figure 3;

Figure 6 shows a cross section of an illumination field generated by the optical arrangement shown in Figure 5;
Figure 7 shows an external perspective view of one embodiment of the cell counting device;

Figures 8a and 8b show cross sections of embodiments of the cell counting device of

Figure 7, operating in discrete-sampling mode and flow-through mode respectively;

Figure 9 shows a Poisson distribution of cells per millilitre of sample;

Figure 10 is a flowchart of a cell counting process according to an embodiment of the present invention;

Figure 11 is a graph showing the effect of stirring the sample;

Figure 12 is a histogram showing the distribution of variable fluorescence across a number of interrogations for
three species of phytoplankton;

Figure 13 is a graph showing the distance from the mean value of fluorescence for three species of phytoplankton;
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Figure 14 is a graph showing the effect of mixing different species of phytoplankton in the same sample; and
Figure 15 is a graph showing the effect of the method according to the present invention against the effect of the
prior art method.

Detailed Description

[0063] The presentinvention is concerned with counting live phytoplankton. Figure 1 shows the processes that occur
within phytoplankton, in order to cause detectable fluorescence, although it would be readily understood that the invention
that follows can be applied to any type of cell exhibiting a similar response to light as phytoplankton. In the Figure, RC
is the Photosystem Il Reaction Centre; P is the PSII photochemistry component; D is the non-radiative decay component;
and F is the Chlorophyll fluorescence component.

[0064] Dead phytoplankton cannot photosynthesise; however, they may emit some detectable fluorescence when
exposed to light. The emission from dead phytoplankton is not a time-dependent response. This residual emission is a
component of the minimal fluorescence (F,), shown in Figure 2.

[0065] In live phytoplankton, light absorbed by the Light Harvesting Complex is rapidly transferred to a Chlorophyll-a
molecule associated with the Reaction Centre RC in Photosystem Il (PSII), located in the thylakoid membrane of the
phytoplankton. The cycle of photochemistry is then initiated, and a time-dependent florescent response is induced.
[0066] An example of a typical fluorescent response of phytoplankton is shown in Figure 2. The objective of prior art
devices is to measure the variable fluorescence (F,) of a sample, and use this to pass or fail the sample with regard to
the BWDSs. F, is calculated by measuring the maximal fluorescence (F,,) of the sample, and subtracting the minimal
fluorescence (F,) from F . F, is estimated using linear regression to extrapolate a sequence of 10 - 20 us back to time
t=0. The skilled person would appreciate that other regression techniques may be used, such as polynomial regression
or quantile regression.

[0067] However, it has been shown that the F, value of the sample does not give a realistic estimation of cell count,
as will be described with reference to Figure 9.

[0068] While the following described embodiments use a single turnover method, it would be readily apparent that the
inventive concept could be implemented on the cell counting device 2 described with reference to Figures 3 to 8 using
a multiple turnover method. The single turnover refers to the PSIl RCs undergoing a single photochemical event during
a saturation phase. Consequently, a saturation pulse in the single turnover method is bright enough to saturate PSII
photochemistry within 100 to 400 ws. The saturation pulse in the multiple turnover method is less bright and approximately
100 to 1000 times longer than that used in the single turnover method. To achieve saturation, the multiple turnover
method relies on multiple photochemical events being induced at each active PSII RC during each saturation pulse.
[0069] With reference to Figure 3, a cell counting device 2 is shown that includes a light source array 50 and a light
detector 40 for measuring the response of a sample 1 to applied photons. For example, the sample 1 is ballast water in
the hull of a water-borne vessel, such as a yacht, cargo ship, or submarine, which contains unidentified cells, such as
phytoplankton. The cell counting device 2 is configured to determine the number of viable cells within the sample 1,
where viable cells are photoactive cells. The viable cells are suspended in the water, and fluoresce when exposed to
light of certain wavelengths. Thus, the cell counting device 2 can be used to differentiate between different species of
algae present in ballast water of a vessel transiting from region A to region B, and monitor algal populations to assist
safeguarding against the unwanted to spread of these invasive species to coastal waters where they can cause ecological
and economic damage.

[0070] The cell counting device 2 could be integrated with the vessel's ballast water treatment system, or may be a
standalone device to test the vessel’s internal ballast water monitoring equipment.

[0071] The cell counting device 2 includes a power supply 10. The power supply 10 may be, for example, a removable
11.1 V lithium ion battery providing 2.2 Ah. Where the power supply 10 is a battery, an integral charger may be provided
so that the battery pack need not be removed from the enclosure in order to be charged. Alternatively, the power supply
10 may be an adapter for coupling the cell counting device 2 to an external power supply. External power is provided
from an external 15 V universal input (110-240 VAC) power supply.

[0072] The power supply 10 supplies power to the light detector 40. The light detector 40 in an exemplary embodiment
is a photomultiplier tube (herein referred to as a PMT). The PMT 40 detects light that is emitted from the sample 1, and
applies a gain to the signal so that it can be measured. The PMT 40 may be, for example, a Hamamatsu R9880U-20.
Alternatively, the light detector 40 may comprise a photodiode, avalanche photodiode, or multi-pixel photon counter.
[0073] The light detector 40 is coupled to an analogue to digital converter (ADC) 30. The ADC converts the signal
detected by the light detector 40 into a digital signal that can be interpreted and processed by a processor 20. The
processor 20 is configured to use the signal received from the ADC 30 to calculate the variable fluorescence (F,) of the
sample 1. This process, and more details about the operation of the processor 20, will be described in more detail later,
particularly with reference to Figure 10.

[0074] Although the light detector 40 is shown in Figure 3 as being separate from the processor 20, other configurations
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are possible that provide further advantageous effects. For example, in some embodiments, the processor 20 comprises
a detector board which includes the PMT 40, a pre-amplifier, PMT high voltage supply and control for the high voltage
supply. Ambient overload protection circuitry is incorporated into the detector board. A photodiode is further included
for built-in testing and diagnostics.

[0075] The processor 20 in an exemplary embodiment is based on the XilinX ZynQ 7000 System on Chip (SoC). The
Zynq7 IC features a sophisticated processing and programmable logic core. The processing system (PS) integrates two
ARM® Cortex™-Ag MPCore™ application processors, AMBA®interconnect, internal memories, external memory inter-
faces, and peripherals including USB, Ethernet, SPI, SD/SDIO, I,C, CAN, UART, and GPIO. The PS runs independently
of the programmable logic and boots at power-up or reset. The core processor 20 runs a bootloader (u-boot) and
embedded Linux operating system from a binary image stored on the SD card. An on-board 2 Mb SDRAM (e.g.
H5TQ2G63DFR-RDC) is used by the Linux as a ram drive and system memory.

[0076] The cell counting device 2 further includes a display 60. The display 60 may be a resistive touch screen display,
such as the eDIPTFT32-A. The processor 20 is configured to control the display 60 using a display driver stored in the
memory 25. Alternatively, or in addition to the display 60, the cell counting device 2 may comprise an audible alarm, or
an LED indicator.

[0077] In some embodiments, which do not require the cell counting device 2 to have a display 60, the cell counting
device 2 comprises at least one interface (or in other words, at least one data port) to couple the cell counting device 2
to a computing device such as a tablet or PC. Primary data can be transferred to the computing device via the at least
one interface. The computing device may be used to provide full control of the cell counting device 2 and/or display
primary data generated by the cell counting device 2. The at least one interface may include a USB interface, Bluetooth
interface, an Ethernet interface, or a combination thereof. The skilled person would appreciate that these are exemplary
examples of interfaces, and the ballast water monitoring device 2 may include any suitable wired or wireless means for
coupling to an external computing device. A graphical user interface (GUI) operating on the computer provides more
advanced control and operation of the instrument via the Ethernet interface, USB interface or both. The GUI also allows
the instrument configuration and code to be maintained. The ballast water monitoring device 2 having the interface is
not limited to embodiments not having a display 60.

[0078] The power supply 10 supplies power to the processor 20. The processor 20 is configured to control the light
source array 50 using a light source array driver stored in a memory 25. Alternatively, the light source array 50 may be
controlled by an LED-on-chip module on the processor 20. The function of the light source array driver is to provide
highly reproducible current pulses, of software-controllable amplitude and duration.

[0079] In use, the light source array 50 provides pulses of light, each lasting between 200 and 500 ps, at between 10
and 50 Hz. In an exemplary embodiment, the light source array 50 is pulsed for 400us at 40 Hz. The 40 data sequences
generated each second under this regime are averaged and the resulting sequence of 600 data points (150 pre-pulse
points, 400 pulse points and 50 post-pulse points) are exported to the connected computing device. This level of signal
averaging provides a high signal to noise ratio, even at very low cell densities. The 150 pre-pulse and 50 post-pulse
data points are used to define a signal baseline. The 400 pulse points are analysed in such a way as to determine the
level of variable chlorophyll fluorescence (F,) from the sample.

[0080] The light source array 50 may be a single light source. Alternatively, the light source array 50 may comprise a
plurality of light sources. The light source array 50 according to an exemplary embodiment will now be described with
reference to Figure 4.

[0081] The light source array 50 is driven to generate an excitation pulse having a duration of between 200 and 500
ws, pulsed at between 10 and 50 Hz. In an exemplary embodiment, the light source array 50 generates an excitation
pulse having a duration of 400 us pulsed at 40 Hz. The excitation pulse generated by the embodiment shown in Figure
4 is a composite pulse of light having multiple wavelengths. The multiple wavelength excitation is achieved with an array
of LEDs 52 of different colours, covering the spectral range between 400 and 640 nm. The drive current for each LED
52 is chosen using the light source driver to ensure that single turnover saturation is achieved within the duration of the
excitation pulse. An LED rail voltage of +22V is required to drive the LEDs 52.

[0082] In some embodiments, the light source array 50 is an array of twenty LEDs 52, arranged in four banks of five
connected in series. As shown in Figure 4, the light source array 20 generates light using Royal Blue, Blue, Green, and
Red LEDs. Respectively, the different LEDS 52 preferably emit light having central wavelengths of about 450 nm, 470
nm, 530 nm, and 624 nm, although the skilled person would recognise that Royal Blue light has a wavelength of about
450 nm, Blue light has a wavelength of about 470 nm, Red light has a wavelength of between 620 nm and 720 nm, and
Green light has a wavelength of between 495 nm and 570 nm. Different groups of phytoplankton react more strongly to
different wavelengths of radiation. In other words, by using multiple wavelengths, the cell counting device 2 is able to
count cells from a wide range of species. By exciting all major pigment groups found in phytoplankton, it can be determined
to a high probability that a negative result is a true indicator that the number of living algae present in the sample is less
than a threshold.

[0083] In alternative embodiments, the Green and Red LEDs can be replaced with Royal Blue and Blue LEDs. This
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provides the advantage of an increase in the intensity of the illumination at Royal Blue and Blue frequencies, which
decreases the response time of the phytoplankton. In further embodiments, the LEDs 52 in the array all emit the same
colour of light to further increase the intensity of illumination at a particular wavelength.

[0084] In alternative embodiments, the light source array 50 comprises a plurality of lasers, each emitting light at a
different spectral wavelength. The plurality of lasers are configured to emit light covering the spectral range between
400 and 640 nm. In an exemplary embodiment, the plurality of lasers emit light at 450 nm, 470 nm, 530 nm and 634 nm
respectively. In further embodiments, the light source array 50 comprises a single laser configurable to emit light at a
plurality wavelengths. In an exemplary embodiment, the single laser is configurable to emit light at 450 nm, 470 nm, 530
nm, and 634 nm.

[0085] The light source array 50 is configured to generate a photon flux density of 20,000 micromoles of photons per
metre squared per second, which is several times the photon flux density of sunlight, within the wavelength range.
[0086] Where the cell counting device 2 is integrated into a closed system, or, in other words, is integrated into the
ballast tank of a vessel, the processor 20 may be configured to prevent ballast water being emptied when the detected
number of live phytoplankton is greater than a predetermined limit. Alternatively, or additionally, the processor 20 may
be configured to activate a means for killing the live phytoplankton, which can include treatment processes such as: de-
oxygenation, filtration, ultraviolet radiation, ozonation, and various chemical treatments, including electro-catalytic chlo-
rination, peracetic acid, hydrogen peroxide, perchloric acid, and chlorine dioxide. This prevents the ballast water, con-
taining more than a threshold density of live phytoplankton cells from being output into the sea. By integrating the cell
counting device 2 into a closed system, the vessel is able to store fewer chemicals, and expend less energy, as the
ballast water is only treated when the cell counting device 2 determines it is necessary to do so.

[0087] An external pump is used to deliver the sample 1 to the chamber 70. For example, a pump in the closed system
described above may pump the sample 1 into the chamber 70. In other embodiments, the cell counting device 2 further
comprises a pump for delivering the water sample 1 to the chamber 70.

[0088] The proprietary software running on the connected computing device analyses the data provided by the cell
counting device 2 in near-real time. The system can be configured to analyse individual discrete samples or a continuous
stream of discrete samples. The latter application uses a stop-flow system.

[0089] An optical arrangement for measuring the fluorescence of a sample 1 is shown in Figure 5. The fluorometer is
arranged with a right-angled excitation/emission geometry.

[0090] The optical design of the cell counting device 2 is optimised to direct the greatest amount of the light output
from the light source array 50 into a chamber 70. The chamber 70 is made of any suitable non-luminescent material.
The chamber 70 may be made of fused-silica, for example. Alternatively, the chamber 70 may be made of Pyrex, acrylic,
or glass. The chamber 70 for holding the sample 1 is part of the cell counting device 2, despite not being shown in the
system diagram of Figure 3. The chamber 70 is open-ended, to allow continuous flow-through of the sample 1 when the
valve 215 is opened.

[0091] To achieve this optimisation, an array of plano-convex lenses 80 is positioned directly in front of the light source
array 50 to roughly collimate the output from each light source 52 in the light source array 50. A shortpass interference
filter 90 is placed in front of the array of plano-convex lenses to block any longer wavelength emission from the light
sources 52 that could be picked-up at the fluorescence detection wavelengths. In other embodiments, a shortpass filter,
such as a shortpass coloured glass filter, is used in place of the shortpass interference filter 90. The light source array
50 is placed in the back focal plane of an achromatic doublet lens 100, which effectively produces an image of each
light source 52 die at infinity. However, this also has the effect of converging the output from each light source 52 at the
front focal plane of the achromatic doublet to produce a uniform distribution of light intensity. This convergence point is
positioned at the centre of the sample chamber 70. The use of an achromatic doublet lens 100 ensures that the same
focal point is achieved for each of the four excitation wavelengths. The uniform light distribution is further improved by
using the LED colour distribution shown in Figure 4.

[0092] The combination of the light source array 50 and array of plano-convex lenses 80 provides homogeneous
illumination to an interrogated volume of between 1% and 5% of the total volume of sample 1 within the sample chamber
70. In an exemplary embodiment, the interrogated volume is 0.5 mL within a 20 mL sample 1 volume. That is to say, in
an exemplary embodiment, the interrogated volume represents 2.5% of the sample 1 volume.

[0093] The uniform distribution of light is shown in Figure 6. The graph in this Figure shows light intensity plotted
against position. In other words, the Figure shows light intensity being roughly the same across the width of the chamber
70. A uniform light field directed into the chamber 70 provides the advantage of reducing the number of artefacts in the
measurement response. If all live phytoplankton within the sample 1, particularly within the interrogated volume, are not
subjected to the same light field, then they will saturate over different timescales and the signal response will be distorted.
The detection optics are designed to image the central uniform illumination area onto the light detector 40. This emission
path will now be described in more detail by referring back to Figure 5.

[0094] The emission path is a condenser arrangement for collimating the fluorescence emitted from the interrogated
volume. The emission path comprises a first plano-convex lens 120 and a second plano-convex lens 150 sandwiching
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an optical filter 140. The optical filter 140 may be chosen to remove wavelengths of light from the collimated light that
are not within the spectral range of fluorescence emitted by PSII within live phytoplankton cells. For example, the optical
filter 140 is a bandpass interference filter with a peak at 682 nm and a half band width of 30 nm. However, the optical
filter 140 may also be a suitable longpass interference filter, longpass absorptive filter or dichroic filter. Preferably, the
optical filter 140 is arranged to transmit chlorophyll fluorescence at 683 nm. The focal length of these lenses is selected
to ensure that the area of uniform illumination generated across the interrogated volume is imaged onto the active area
of the light detector 40.

[0095] Apertures (not shown) are arranged throughout the emission and excitation optical paths to minimise interfer-
ence from scattered light.

[0096] Figure 7 shows a perspective view of the cell counting device 2 according to an embodiment. The cell counting
device 2 comprises an outer case 220. The outer case 220 includes a hinge 180 for coupling the outer case 220 to a
lid (not shown). The outer case 220 further comprises data ports 170 (or interfaces) for connecting the cell counting
device 2 to another device, such as a computing device, by wired connection such as by USB and/or Ethernet cable. In
some embodiments, wireless communication between the cell counting device 2 and a computing device is also possible
through Bluetooth communication or any other known wireless communication means. The case 220 further comprises
a charger socket for connecting the water ballast monitoring device 2 to an external power supply, such as the electricity
supply of a ship. Waterproof bulkhead connectors are used for these connections.

[0097] The skilled person would appreciate that many of the processing steps described herein could be carried out
on the external computing device. A system comprising the cell counting device 2 and the external computing device
could be used to achieve the advantages described herein, where the cell counting device 2 transmits information
associated with the received light to the external computing device so that the external computing device can perform
the processing steps to estimate cell density.

[0098] The cell counting device 2 weighs less than 4 kg. The size of the cell counting device 2 (excluding connectors)
does not exceed 340 X 220 X 100mm.

[0099] The cell counting device 2 comprises a top plate 160, which incorporates the display 60 and external electrical
connections 170. An optics block is mounted underneath the top plate 160 to support the chamber 70, associated optics
and fluid paths and the main electronics boards, namely: the processor 20, light detector 40 and light source array 50
driver boards. The power supply 10 is mounted separately to the top plate 160. A metal enclosure (not shown) provides
EMC screening for the fluorometer.

[0100] External fluid connectors 210a, 210b are located at the side of the case 220. The external fluid connectors
210a, 210b are in fluidic communication with the inside of the chamber 70. This will be shown in more detail in Figures
8a and 8b. The two fluid connectors 210a, 210b are 3/8"BSP ports that provide standard threaded connectors. In some
embodiments, 1/2"BSP connections are used. The external fluid connectors 210a, 210b may be coupled directly to the
pipework within the vessel’s ballast water treatment system.

[0101] The cell counting device 2 is configurable to operate in both discrete-sampling mode and stop-flow mode. In
some embodiments, switching between these two modes is achieved by swapping blocking members 190, 195. Here,
the blocking members 190, 195 are threaded inserts, but in other embodiments the blocking members 190, 195 may
be retained by friction or a clip, rather than a screw thread. In the example shown in Figure 7, the cell counting device
2 is configured to operate in discrete-sample mode. The blocking member 195 inserted approximately opposite the fluid
connectors 210a, 210b determines the mode of operation. The other blocking member 190 is in a stored position, and
does not perform a function until moved to the position approximately opposite the fluid connectors 210a, 210b.
[0102] In some embodiments, such as those capable of operating in stop-flow mode, taps or valves attached to either
or both the upper fluid connector 210a or lower fluid connector 210b act as blocking members to allow a sample 1 to
enter or leave the chamber 70. No tools are required for routine operations, including switching between stop-flow and
discrete-sample modes. Other embodiments operate in discrete sampling mode, only.

[0103] Discrete-sample and stop-flow modes will now be described in more detail with reference to Figures 8a and
8b, which show different embodiments of the cell counting device 2. In discrete-sample mode (Figure 8a), a blocking
member 195 in the form of a solid funnel insert is provided to block the upper fluid connector 210a and prevent ambient
light from outside the device 2 affecting the measurement of fluorescence after the sample 1 has been poured into the
chamber 70 through the top plate 160. The upper portion of the walls of the chamber 70 are chamfered to receive the
funnel insert, and the upper fluid connector 210a penetrates the upper portion of one of the walls of the chamber 70.
[0104] The sample 1 drains through the lower fluid connector 210b, which is fitted with a tap (or valve) 215 to control
liquid flow, after the measurement has been taken. Alternatively or additionally, the lower fluid connector 210b is fitted
with a light-tight cap 216 which functions to block the flow of sample 1 when the tap 215 is not fitted. A separate light
tight cap 216 may optionally be provided at the upper fluid connector 210a to further eliminate interference from ambient
light.

[0105] The region of the sample 1 interrogated by the fluorometer is represented by the dashed rectangle in Figure
8a. The sample within this region is called the interrogated volume (or, in other words, the sub-sample).
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[0106] A stirrer 800 is integrated with the blocking member 195. One end of the stirrer 800 is an elongate horizontal
member 802 arranged to extend into the sample 1 when the sample 1 is in the chamber 70, but not into the interrogated
volume. The stirrer 800 also includes a shaft 804 for coupling the elongate horizontal member 802 to a motor 806.
[0107] The motor 806 rotates the shaft at a frequency of between about 1 Hz and about 20 Hz. Typically, the stirrer
800 operates at 2 Hz. To control the frequency of rotation, the motor 806 may include a gearbox. For example, the
gearbox may be a 60:1 gearbox. The motor 806 may be powered by an external power supply, or may be electrically
coupled to the power supply 10 of the cell counting device 2.

[0108] The blocking member 195 having the integrated stirrer 800 may have electrical contacts that electrically couple
to corresponding electrical contacts arranged around the mouth of the chamber 70. Therefore, when the blocking member
195 is inserted into the chamber 70, the motor 806 is supplied with power from the power supply 10. The motor 806
may be automatically activated, or may be activated by means of a manual switch.

[0109] Alternatively to an elongate horizontal member 802, the shaft 804 of the stirrer 800 may be coupled to a flat
plate, a blade, paddle, or a whisk. In other words, the stirrer 800 may comprise any suitable means for mixing the sample
1 so that the water within the interrogated volume opposite the light detector 40 is exchanged with the rest of the sample 1.
[0110] To enter stop-flow mode, the blocking member 195 is replaced by a blocking member 190 in the form of a light-
tight cap that does not block the upper fluid connector 210a. Here, the light-tight cap may incorporate a stirrer 800 as
previously described. Alternatively, the blocking member 195 may be replaced by a blocking member 190 in the form
of a funnel having a fluid flow path therein for allowing water to enter the upper fluid connector 210a from the chamber
70. Here, the stirrer 800 passes through the side of the chamber 70. In the stop-flow mode, the tap 215 on the lower
connector fluid connector 210b is used to control the cell counting device 2 to continuously allow discrete samples 1 to
enter and leave the chamber 70.

[0111] Another embodiment of the cell counting device 2 will now be described with reference to Figure 8b, which
shows the cell counting device 2 operating in stop-flow mode in more detail. Here, the stirrer 800 is integrated with the
side wall of the chamber 70, but the blocking member 190 may incorporate the stirrer 800 instead. Taps (or valves) 215,
218 fixed to the upper and lower fluid connectors 210a, 210b act as blocking members that can be opened or closed to
allow or prevent the sample 1 from leaving the chamber 70. In other words, the taps 215, 218 cause the cell counting
device 2 to stop freely flowing water and enter discrete-sample mode while the same blocking member 190 in the form
of a light-tight cap is installed. Controlling the valves 215, 218 stops or allows the flow of water, so that a first discrete
sample is released and another discrete sample can immediately enter and become stored in the chamber 70 when the
measurements on the first discrete sample are complete. This stop-flow mode is particularly useful when the cell counting
device 2 is integrated with a vessel.

[0112] Opening the taps 215, 218 results in a continuous flow path from the outside of the case 220, through the lower
fluid connector 210b, through the chamber 70 and out of the case 220 through the upper fluid connector 210a. The
blocking member 190 prevents ambient light from entering the chamber 70. It would be readily understood that the flow
of ballast water can be reversed, so that the sample 1 enters the chamber 70 via the upper fluid connector 210a.
[0113] The blocking member 190 is a light-tight cap that is screwed onto the mouth of the chamber 70. Alternatively,
the blocking member 190 may also be secured by friction or clamps. Alternatively, the blocking member 190 may be
fixed and essentially forms a wall of the chamber 70.

[0114] Installing the stirrer 800 in the side of the chamber 70 is effective in stop-flow mode as it allows the sample 1
to flow into or out of the chamber 70 with reduced obstruction.

[0115] Alternatively to the embodiments shown in Figures 8a and 8b, in some embodiments the upper fluid connector
210a does not penetrate the wall of the chamber 70. Instead, the blocking member 190 has a fluid flow path therein for
fluidly coupling the chamber 70 to the upper fluid connector 210a in stop-flow mode. Here, instead of a cap or a funnel,
the blocking member 190 is a rectangular housing. The blocking member 195 for discrete-sample mode, having the
stirrer 800 installed therein, does not have a fluid flow path, and so presents a barrier between the chamber 70 and the
upper fluid connector 210a. The upper surface of the blocking members 190, 195 prevents light from entering the chamber
70.

[0116] In other embodiments where the upper fluid connector 210a does not penetrate the wall of the chamber 70,
the blocking member 190 is in the form of a hollow funnel through which a sample 1 can be poured. A separate light-
tight cap, similar to the blocking member 190 shown in Figure 8b, is provided for covering the blocking member when
a measurement is being taken. The tap(s) 215, 218 prevent the sample 1 from leaving the chamber 70.

[0117] In embodiments not having valves 215, 218 arranged on the upper or lower fluid connectors 210a, 210b, a
light-tight (opaque) cap 216 is provided at least on the lower fluid connector 210b for allowing a sample 1 to leave the
chamber 70 after a measurement in discrete-sample mode has been performed.

[0118] Figures 8a and 8b are not drawn to scale in order to improve clarity. In reality, the flow path between the bottom
of the chamber 70 and the tap 215 is relatively small compared to the volume of the chamber 70. The chamber 70
typically holds a sample size of 20 mL. The interrogated volume is typically 0.5 mL. In other words, the interrogated
volume is typically about 2.5% of the sample volume, and so the volume of any one sub-sample is 2.5% of the volume
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of the sample 1.

[0119] It would be readily understood that the methods described herein, particularly with reference to Figure 10, can
be applied to any well-mixed body of water, providing the interrogated volume represents a small proportion of the total.
For example, a well-mixed cubic metre of water could be interrogated using a stop-flow system.

[0120] Figure 9 shows the expected Poisson distribution of cell counts in 0.5 mL interrogated volumes (or, in other
words, sub-samples) within a larger sample of ballast water containing 5, 10, 20 or 40 cells per integrated volume (which
is 0.5 mL in the example). The Poisson distribution is a plot of cell density against probability. The graph shows that for
a small interrogated volume within a larger sample of a known average cell density, the chance of finding that same cell
density in the interrogated volume is high. However, where the average cell density is high, for example greater than
10 cells per mL, the chance of the cell density of the interrogated volume being a density other than the average becomes
greater than it would be at lower densities. In the context of ballast water analysis, the most important feature of these
distributions is that the spread of values, relative to the mean value, becomes narrower with increasing cell density.
[0121] The very high signal to noise ratio (SNR) provided by the cell counting device 2 described with reference to
the previous Figures allows for an accurate determination of F,, from a discrete sample in less than ten seconds. However,
as shown in Table 1 below, the large range of F,, per cell values within the 10 um to 50 wm range severely limits the
translation of F,, to cell density. In addition, the Poisson distribution within the sample can introduce a very significant
error at low cell density, as shown in Figure 9.

Table 1: Cell species information

. Smallest Volume PSIl complexes
-1

Species Shape dimension (um) (wm3) Fy cell cell-
Emiliania huxleyi ~ Spherical 5-10 65 - 525 0.00022 | 9.3x 10°
P.haeo.dacty/um Fu3|form-Tr|rad|ate and 2.4 160 - 530 0.00019 | 1.25 x 106
tricornium Ovoid
Dunaliella Ovoid 6-10 200-1000 | 0.00022 | 1 x 108
tertiolecta
Dunaliella salina Spherical 10-12 525-905 0.00018 | 6.5x 105
Thalassiosira Cylindrical 5-16 880 - 28000 | 0.00073 | 2.1 x 106
weissflogii
Thalassiosira 63500 -

o ) 7
punctigera Cylindrical 30-60 430000 0.01702 | 5.6x10

[0122] Figure 10 shows a method of estimating cell density (or concentration) using the cell counting device 2 previously

described, according to an embodiment of the present invention. The method is implemented on the processor 20. This
method is labelled Process A.

[0123] In afirststep S1000, a sample 1 is obtained. A sample 1 is, for example, ballast water in the hull of a waterborne
vessel. The sample 1 may be obtained in discrete-sample mode by a user pouring the sample 1 through the mouth of
the chamber 70, or in stop-flow mode where the continuous flow of water passing through the chamber 70 is stopped
using taps 215, 218 to leave a sample 1 in the chamber 70.

[0124] In steps 1002 to S1006, the variable fluorescence of an interrogated volume within the sample 1 is determined.
As now described, the present invention utilises the modified FRR "single turnover" technique. However, the invention
is not limited to this method, and although slower and less accurate, can also be used in conjunction with multiple turnover
techniques.

[0125] More specifically, at step 1002, a pulse of light is generated and directed towards the interrogated volume. The
pulse of light, according to some embodiments, is generated using a plurality of light sources 52 and comprises light
having a plurality of wavelengths. The pulse of light has a duration of between 200 and 500 ps, and is pulsed at between
10 and 50 Hz. In an exemplary embodiment, the pulse of light has a duration of 400 s and is pulsed at 40 Hz to saturate
PSII. The pulse of light is projected onto the interrogated volume using lenses so that a uniform light field is spread
across the interrogated volume. For example, one of the lenses is an achromatic doublet lens 100 to direct light of
multiple wavelengths into the chamber 70 such that the interrogated volume is illuminated with a uniform light field. In
other embodiments, the plurality of light sources 52, producing light of different wavelengths, are located on a curved
surface such that the interrogated volume is illuminated with a uniform light field.

[0126] Preferably, the interrogated volume is 2.5% of the volume of the sample 1. For example, when the sample 1
is 20 mL, the sub-sample is 0.5 mL.
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[0127] Atstep 1004, the time-dependentresponse of the interrogated volume is measured. In other words, the intensity
of the light generated by the interrogated volume in response to being illuminated by the pulse of light is measured. The
response is measured at time intervals much less than the duration of the pulse of light. For example, the intensity is
measured at 1 us intervals, before, during and after the pulse of light is emitted. The intensity is measured at time
intervals less than the duration of the pulse of light.

[0128] The variable fluorescence (F,) of the interrogated volume is calculated at step S1006. Furthermore, the F,,
value for the interrogation is stored, for example in memory 25. Calculating F,, involves estimating a minimal fluorescence
(F,) of the interrogated volume using linear regression, and subtracting that value from the maximal fluorescence (F,,),
which is where the fluorescence of the interrogated volume peaks.

[0129] In more detail, F is calculated as follows. Linear regression through the first 60 points (at one microsecond a
point) is applied. The results from this 60 point regression (slope, intercept and standard error) are set as reference
values. The number of points in the regression is then decreased, in steps of 2, down to 20 points. If the slope is higher
and the standard error is lower at any step, the results from that step become the reference values. F is calculated
through extrapolation of the final reference regression line to zero time. The slope of the increase in fluorescence
decreases between F and F,,, even over the first few microseconds. Consequently, the shorter the regression line, the
better the fit. The requirement for a lower standard error imposes a quality check. If the signal to noise is high, the
reference regression line is at or close to 20 points.

[0130] To calculate F,,, linear regression through the last 240 points (at one microsecond a point) is applied. If the
slope is positive (still increasing) or flat, F,, is set by extrapolating to the end of the pulse. If the slope is negative (starting
to decrease), F,, is set by extrapolating to the start of the pulse. If the slope is positive, saturation has not been reached.
Consequently, the extrapolation should be to the end of the pulse. A negative slope is indicative of known artefacts,
which quenches F, from the maximum level. Extensive testing has shown that extrapolating to the start of the pulse
minimises the error generated by this quenching.

[0131] Atstep S1008, itis determined whether a threshold number of interrogations (may also be referred to as cycles
or iterations) has been met. For example, a data set of 240 values of F,, is generated by averaging 40 sequences at 40
Hz for 4 minutes. Here, the threshold number of interrogations is 240.

[0132] If the threshold number of interrogations is not met, the sample is stirred in step S1010, and steps S1002
through S1008 are then repeated. The sample 1 is stirred using the stirrer 800. This ensures that all liquid within the
sample 1 enters the interrogated volume, or the region opposite the light detector 40, at some point during the test. For
example, the sample 1 is stirred at a speed that provides an optimum rate of interrogated volume exchange with the
sample 1. The speed of rotation of the stirrer 800 may be between 0.1 Hz and 20 Hz. Typically, the stirrer 800 operates
at 2 Hz.

[0133] The effect of stirring the sample 1 is evident from Figure 11. Here, it is clear that stirring the sample 1 reduces
the variability of F,, values for each interrogated volume, and consequently a more accurate representation of the sample
1 as a whole can be obtained. For example, a sharp peak in F, may occur when a colony of phytoplankton enter the
interrogation region, giving the impression that the sample 1 has a high cell density. By mixing the sample 1, the colony
is broken up, and the cell density across the sample 1 as a whole is made more homogenous.

[0134] Inotherwords, the combination of a relatively large sample 1 volume, high ratio of sample volume to interrogated
volume (sub-sample) and the stirring device 800 is effective in neutralising sampling errors associated with the Poisson
distribution of phytoplankton cells within ballast water discharge or other water sample, without the need to concentrate
cells by centrifugation or filtration.

[0135] If the threshold number of interrogations is met, at step S1012 the average F, value across the number of
interrogations is calculated. Furthermore, the distribution of each F,, value in relation to the average is also calculated.
The distribution of F,, values for three different species of phytoplankton is shown in Figure 13.

[0136] The number of cells within the sample 1 is then estimated in step S1014 by integrating the distribution calculated
in step S1012.

[0137] In step S1016, it is determined whether the estimated number of cells per mL (or cell density) exceeds a
threshold, such as that defined in the USCG BWDS. The cell density is estimated by dividing number of cells estimated
in step S1012 by the volume of the sample 1. If the estimated cell density exceeds the threshold, at step S1018 an action
is performed. The action may be indicating that the sample 1 is not compliant with the IMO D2 Standard (10 um to 50
pm)and the US Coast Guard Discharge Standard (10 wm to 50 wm), using the display 60, an indicator light or an audible
alarm either on the cell counting device 2 or on an external computing device. Alternatively, the action may be controlling
a means for exterminating live phytoplankton, such as a ballast water treatment system.

[0138] Asthe method making use of the Poisson distribution as described with reference to Figure 10 optimally requires
the sample 1 to be interrogated for 4 minutes (or in some embodiments, 6 to 8 minutes), it is not appropriate to perform
the method on a continuous flow of water. That being said, vessels such as oil tankers can have ballast tanks of large
volumes, being up to 400 metres long and 60 metres in beam. It is more efficient to test the water in these vessels using
a system whereby water can continuously flow through the cell counting device 2 except when measurements are being
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taken, as the populations of cells can vary wildly throughout the vessel.

[0139] Therefore, it is necessary to perform a stop-flow mode, where the cell counting device 2 takes an automated
series of discrete-sample measurements.

[0140] Alternatively, the cell counting device 2 may operate in a continuous-flow mode first, where water is able to
freely pass into and out of the chamber 70, while a coarse measurement is taken, and then the cell counting device 2
can be switched to operate in discrete-sample mode or stop-flow mode to allow a more accurate measurement to be
taken. In more detail, the variable fluorescence of the sample 1 is measured, preferably using the single turnover method
of the background art, where the cells are assumed to have the same variable fluorescence regardless of their size (F,
per cell is fixed). When a spike in absolute F,, is detected, or if the absolute F,, is extremely low, the valves (taps) 215,
218 are controlled to cause the cell counting device 2 to enter discrete-sample mode. Here, a sample 1 is trapped in
the chamber 70, and the steps of Process A are performed on the trapped sample 1 for 4 minutes. In some embodiments,
the steps of Process A are performed for 6 to 8 minutes. In other words, the cell counting device 2 switches from
continuous-flow mode to discrete-sample mode if the absolute F,, of a sample 1 falls within a range of very low to very
high. A very low F, is defined as being too low for a fail of the BWDSs even if F,, per cell is assumed to be very low, and
a very high F, is defined as being too high for a pass of the BWDSs even if F,, per cell is assumed to be very high. These
extremes cover a range of 3 to 4 orders of magnitude. Therefore, in most cases, the cell counting device 2 will switch
to operate in discrete-sample mode or stop-flow mode.

[0141] In further embodiments, if the variable fluorescence calculated in continuous-flow mode, using the assumed
F, per cell, is within the two threshold boundaries, the cell counting device 2 is configured to operate in stop-flow mode.
[0142] In stop-flow mode, the cell counting device 2 switches to discrete-sample mode at regular intervals. The action
to be performed at step 1018 may be to control the cell counting device 2 to take discrete samples at more regular
intervals, for example if the estimated cell density exceeds a cell density threshold, in order to perform a more detailed
analysis of the sample 1 in that particular area of the ballast tank of the vessel.

[0143] In other words, when operating in stop-flow mode, there may be two thresholds of cell density. If the first
threshold is exceeded, but the second threshold is not, then the cell counting device 2 increases the frequency at which
discrete samples are taken (thus reducing the volume of water passing through the cell counting device 2 between
measurements). If the second threshold is exceeded then an action is performed as described earlier with reference to
step S1018.

[0144] Figure 14 shows the effect on variable fluorescence of mixing two species of phytoplankton in the same sample.
The invention further provides an algorithm for estimating the concentration of cells within the sample 1 when there are
a number of species of phytoplankton present. Regarding Figure 14, Trace A represents Thalassiosira punctigera at a
cell density of 15 per mL; Trace B represents Thalassiosira weissflogii at a cell density of 365 per mL; Trace C is Trace
A and Trace B added together; and Trace D represents a 50:50 mix of the cells from Trace A and Trace B.

[0145] The algorithm performs the following steps. Firstly, steps S1000 to S1014 of Process A are performed in order
to calculate and analyse the distribution of F,, values for the sample 1. This analysis of the distribution generates an
estimated cell density for the cells that contribute to the distribution (i.e. the cells that have a relatively high F,, per cell
value). An average F, per cell for the cells contributing to the distribution is then calculated by using the estimated cell
density to calculate an estimate of the number of cells in the sample as a whole and dividing the total F, by this value.
[0146] The algorithm then estimates the proportion of the total F, signal that can be attributed to the cells that contribute
to the distribution. The remaining F,, is then attributed to cells that have an F,, per cell value that is too small to contribute
to the distribution. In an exemplary embodiment, it is assumed that the F,, per cell for these smaller cells is 5% of the
average for the cells that do contribute to the distribution. This is a conservative value, which minimises the chance of
a false positive being generated.

[0147] For the example shown in Figure 14, the expectation is that analysis of Trace D will give a cell density of 190
per mL, calculated at (15 + 365) / 2. By using the algorithm as described above, cell density of Trace D was estimated
to be 199 per mL, which is an error of less than 5%.

[0148] Advantages of the cell counting device 2 reside in the provision of the processor 20 for applying a modified
FRR algorithm to determine the presence of phytoplankton, and to measure the concentration of the phytoplankton
within a sample. This improves the accuracy of ballast water monitoring devices, so that there is a reduced chance of
generating false positive or false negative results.

[0149] These advantages are readily apparent from Figure 15. Figure 15 shows a plot of cell density within a sample
as measured by a microscope, against cell density estimated using Process A (or the cell density derived by means of
using the Poisson distribution according to the present invention) and cell density estimated using an estimated F,, per
cell regardless of cell size.

[0150] The solid circles and squares indicate estimated cell densities that are outside of the threshold set by the
BWDSs, but in reality should have passed the test (or be within the threshold) according to microscope measurements.
Squares represent F, - derived estimates, and circles indicate estimates derived using the present invention. The large
number of solid squares in relation to clear squares, and small number of solid circles in relation to clear circles, indicates
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that the method according to the present invention provides much more accurate estimates than prior art methods.
[0151] The cell counting device 2 has a wide range of applications beyond testing cell density of phytoplankton in
ballast water discharge. The cell counting device 2 can be used to estimate the cell density within a sample of any
photoactive cells, such as those in waterways or cell assays. It should also be apparent that the cell counting device 2
could be applied to any cell in suspension that exhibits a time-dependent fluorescence, for example a fluorescent probe
such as a biological fluorophore or a cell laced with a photoactive organic dye.

[0152] The aforementioned embodiments generate high quality data points at high frequency (1 Hz) through the
combination of very short (400 ws) measurement pulses applied at high frequency (40 Hz) plus the optimised excitation
and detection systems.

[0153] Furthermore, the aforementioned embodiments generate a large dataset of variable fluorescence values from
the interrogated volume. Because the interrogated volume is continuously exchanged from the sample 1 volume, the
distribution of variable fluorescence values within this dataset is a function of cell density (the lower the cell concentration,
the higher the range of values, normalised to the mean). The embodiments provide an analysis method that accurately
converts the distribution data to cell concentration, from homogeneous populations of phytoplankton cells (a narrow
range of values for variable fluorescence per cell).

[0154] The analysis method is less effective at converting the distribution of variable fluorescence values if the sample
1 includes a small number of cells with a high level of variable fluorescence per cell and a large number of cells with a
low level of variable fluorescence per cell. Therefore, embodiments provide a method for determining the proportion of
the total variable fluorescence that can be attributed to the cells with a high level of variable fluorescence per cell. The
remaining variable fluorescence can be attributed to cells with a much lower variable fluorescence per cell.

[0155] Although a few exemplary embodiments have been shown and described, it will be appreciated by those skilled
in the art that changes may be made in these exemplary embodiments without departing from the principles of the
invention, the range of which is defined in the appended claims.

Claims
1. A cell counting device for estimating the number of photoactive cells in a sample, the device comprising:

a chamber for receiving a sample;

at least one light source to generate a plurality of pulses of light and to emit the plurality of pulses of light towards
a section of the chamber, wherein the section of the chamber comprises a sub-sample of the sample;

a light detector to receive light emitted from the sub-sample at time intervals less than the duration of each pulse
of light to form a light signal in response to receiving the at least one pulse of light and to generate an electronic
signal associated with the received light; and

a controller configured to:

calculate and store a variable fluorescence [F,] value of each sub-sample in the predetermined number of
sub-samples, by estimating a minimal fluorescence [F] of each sub-sample using regression analysis of
a first part of the light signal, estimating a maximal fluorescence [F,,,] of each sub-sample using regression
analysis of a second part of the light signal, and subtracting F, from F,, for each sub-sample;

calculate the mean of the stored F,, values, and store the distance from the mean of each F,, value to obtain
a plurality of distances; and

integrate the distribution of the plurality of distances to provide an estimate of the number of photoactive
cells in the sample.

2. The cell counting device according to claim 1, wherein the at least one light source is configured to generate pulses
of light having a frequency of between 10 Hz and 100 Hz and a duration of between 200 ws and 700 ps.

3. The cell counting device according to claim 1 or claim 2, wherein the controller is configured to estimate the cell
density of the sample by dividing the estimate of the number of cells by the volume of the sample.

4. The cellcounting device according to claim 3, wherein the controller is configured to perform an action if the estimated
cell density is greater than a first cell density threshold, preferably:

- wherein the cell counting device further comprises a means for indicating to the user that the estimated cell

density exceeds the first cell density threshold, wherein the action comprises controlling the indicating means,
more preferably wherein the indicating means comprises at least one of a display, an alarm and an indicator light;
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- wherein the cell counting device is coupled to a ballast water treatment system, and the controller is configured
to perform an action comprising controlling the ballast water treatment system to eliminate live cells; or

- wherein the cell counting device is coupled to an external display device, and the controller is configured to
perform an action comprising controlling the external display device to display a message.

The cell counting device according to any one of the preceding claims, further comprising an outlet in fluid commu-
nication with the chamber for draining the sample from the chamber, preferably further comprising an inlet in fluid
communication with the chamber, arranged such that water can continuously flow from the inlet, through the chamber,
to the outlet in a first mode of operation, more preferably wherein the chamber comprises a removable blocking
member for blocking the inlet or the outlet to allow a discrete sample to be measured in a second mode of operation,
optionally wherein the blocking member comprises a stirrer configured to stir the sample, such that each sub-sample
is exchanged with the sample.

The cell counting device according to any one of claims 5, further comprising a valve arranged in at least one of the
inlet or the outlet operable to allow the cell counting device to alternate between the first mode of operation and the
second mode of operation, wherein in the first mode of operation the valve is open, and in the second mode of
operation the valve is closed, preferably wherein:

- the controller is configured to calculate the variable fluorescence of a sub-sample while the cell counting device
operates in the first mode of operation, and if the variable fluorescence is less than a first F,, threshold and is
greater than a second F,, threshold being less than the first F, threshold, the valve is closed and the cell counting
device is configured to switch to operate in the second mode of operation; and/or

- if the estimated cell density exceeds a second cell density threshold less than the first cell density threshold,
the cell counting device is arranged to switch to the first mode of operation from the second mode of operation
at an increased frequency.

The cell counting device according to any one of the preceding claims, further comprising a stirrer configured to stir
the sample, such that each sub-sample is exchanged with the sample, preferably wherein the stirrer is arranged to
pass through a side wall of the chamber.

The cell counting device according to any one of the preceding claims, wherein the volume of each sub-sample is
between 0.5% and 50% of the sample volume.

The cell counting device according to any one of the preceding claims, wherein the sample comprises cells of
different sizes, and the controller is further configured to calculate an average F,, per cell for the cells contributing
to the distribution, preferably wherein the controller is further configured to estimate the F, attributable to the cells
that contribute to the distribution, more preferably wherein the controller is further configured to subtract the F,
attributable to the cells that contribute to the distribution from the total F, to estimate the F, attributable to cells
having a threshold F,, per cell that is too small to contribute to the distribution, most preferably wherein the threshold
F, per cell is about 5% of the average F,, for the cells that do contribute to the distribution.

The cell counting device according to any one of the preceding claims, wherein the cell counting device comprises
a measurement device and a computing device, wherein the measurement device comprises the chamber, the at
least one light source and the light detector, and further comprising an interface for electronically coupling the device
to the computing device, and the computing device comprises the controller and further comprises an interface for
electronically coupling the computing device to the measurement device such that the computing device receives
an electronic signal associated with the received light.

A system comprising:

a ballast water treatment system; and
the cell counting device according to any one of the preceding claims,

wherein the cell counting device is configured to control the ballast water treatment system to activate a means for
eliminating live cells if the estimated cell density exceeds a cell density threshold.

A method of counting cells, comprising:
for a predetermined number of sub-samples of a sample:
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generating a plurality of pulses of light and emitting them towards one of the predetermined number of sub-
samples; and

receiving a light emitted from the sub-sample at time intervals less than the duration of each pulse of light to
form a light signal in response to receiving the at least one pulse of light and generating an electronic signal
associated with the received light; and the method further comprising:

calculating and storing a variable fluorescence [F,] value of each sub-sample in the predetermined number
of sub-samples, by estimating a minimal fluorescence [F,] of each sub-sample using regression analysis
of a first part of the light signal, estimating a maximal fluorescence [F,,] of each sub-sample using regression
analysis of a second part of the light signal, and subtracting F, from F, for each sub-sample;

calculating the mean of the stored F,, values, and store the distance from the mean of each F,, value to
obtain a plurality of distances; and

integrating the distribution of the plurality of distances to provide an estimate of the number of photoactive
cells in the sample.

13. The method according to claim 12, wherein:

- the cells are biological fluorophores, preferably wherein the sample is ballast water, and the cells are phyto-
plankton; and/or
- the method further comprises applying a photoactive organic dye to the cells.

Patentanspriiche

1. Zellzahlvorrichtung zum Schatzen der Anzahl von photoaktiven Zellen in einer Probe, wobei die Vorrichtung Fol-
gendes umfasst:

eine Kammer zum Empfangen einer Probe;

mindestens eine Lichtquelle, um eine Vielzahl von Lichtimpulsen zu generieren und die Vielzahl von Lichtim-
pulsen in Richtung eines Abschnitts der Kammer zu emittieren, wobei der Abschnitt der Kammer eine Teilprobe
der Probe umfasst;

einen Lichtdetektor, um von der Teilprobe emittiertes Licht in Zeitintervallen zu empfangen, die kleiner als die
Dauer jedes Lichtimpulses sind, um als Reaktion auf das Empfangen des mindestens einen Lichtimpulses ein
Lichtsignal zu bilden und ein dem empfangenen Licht zugeordnetes elektronisches Signal zu generieren; und
eine Steuervorrichtung, die dazu konfiguriert ist:

einen Wert einer variablen Fluoreszenz [F,] jeder Teilprobe in der vorbestimmten Anzahl von Teilproben
durch Schéatzen einer minimalen Fluoreszenz [F ] jeder Teilprobe unter Verwendung einer Regressionsa-
nalyse eines ersten Teils des Lichtsignals, Schatzen einer maximalen Fluoreszenz [F ] jeder Teilprobe
unter Verwendung einer Regressionsanalyse eines zweiten Teils des Lichtsignals und Subtrahieren von
F, von F, fiir jede Teilprobe zu berechnen und zu speichern;

den Mittelwert der gespeicherten F -Werte zu berechnen und den Abstand von dem Mittelwert jedes
F.-Werts zu speichern, um eine Vielzahl von Abstanden zu erlangen; und

die Verteilung der Vielzahl von Abstanden zu integrieren, um einen Schatzwert der Anzahl von photoaktiven
Zellen in der Probe bereitzustellen.

2. Zellz&hlvorrichtung nach Anspruch 1, wobei die mindestens eine Lichtquelle dazu konfiguriert ist, Lichtimpulse mit

einer Frequenz zwischen 10 Hz und 100 Hz und einer Dauer zwischen 200 ws und 700 ws zu generieren.

3. Zellz&hlvorrichtung nach Anspruch 1 oder Anspruch 2, wobei die Steuervorrichtung dazu konfiguriert ist, die Zell-

dichte der Probe durch Dividieren des Schatzwerts der Anzahl von Zellen durch das Volumen der Probe zu schatzen.

4. Zellzahlvorrichtung nach Anspruch 3, wobei die Steuervorrichtung dazu konfiguriert ist, eine Aktion durchzufiihren,

falls die geschatzte Zelldichte groRer als ein erster Zelldichteschwellenwert ist, bevorzugt:
- wobei die Zellzahlvorrichtung ferner ein Mittel umfasst, um dem Benutzer anzugeben, dass die geschatzte

Zelldichte den ersten Zelldichteschwellenwert tiberschreitet, wobei die Aktion Steuern des Angebemittels um-
fasst, wobei weiter bevorzugt das Angebemittel mindestens eines von einer Anzeige, einem Alarm und einer
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Indikatorleuchte umfasst;

- wobei die Zellzahlvorrichtung an ein Ballastwasseraufbereitungssystem gekoppelt ist und die Steuervorrich-
tung dazu konfiguriert ist, eine Aktion durchzufiihren, die Steuern des Ballastwasseraufbereitungssystems um-
fasst, um lebende Zellen zu eliminieren; oder

- wobei die Zellzahlvorrichtung an eine externe Anzeigevorrichtung gekoppelt ist und die Steuervorrichtung
dazu konfiguriert ist, eine Aktion durchzufiihren, die Steuern der externen Anzeigevorrichtung umfasst, um eine
Nachricht anzuzeigen.

Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche, ferner umfassend einen Auslass in Fluidkommu-
nikation mit der Kammer zum Ablassen der Probe aus der Kammer, bevorzugt ferner umfassend einen Einlass in
Fluidkommunikation mit der Kammer, der derart angeordnet ist, dass Wasser in einem ersten Betriebsmodus kon-
tinuierlich von dem Einlass durch die Kammer zu dem Auslass flieRen kann, wobei weiter bevorzugt die Kammer
ein entfernbares Blockierelement zum Blockieren des Einlasses oder des Auslasses umfasst, um in einem zweiten
Betriebsmodus zu erméglichen, dass eine diskrete Probe gemessen wird, wobei optional das Blockierelement einen
Ruhrer umfasst, der dazu konfiguriertist, die Probe derart zu riihren, dass jede Teilprobe mit der Probe ausgetauscht
wird.

Zellzahlvorrichtung nach einem der Anspriiche 5, ferner umfassend ein Ventil, das in mindestens einem von dem
Einlass oder dem Auslass angeordnet ist und betreibbar ist, um zu ermdglichen, dass die Zellzahlvorrichtung zwi-
schen dem ersten Betriebsmodus und dem zweiten Betriebsmodus abwechselt, wobei im ersten Betriebsmodus
das Ventil offen ist und im zweiten Betriebsmodus das Ventil geschlossen ist, wobei bevorzugt:

- die Steuervorrichtung dazu konfiguriert ist, die variable Fluoreszenz einer Teilprobe zu berechnen, wahrend
die Zellzahlvorrichtung im ersten Betriebsmodus betrieben wird, und falls die variable Fluoreszenz kleiner als
ein erster F-Schwellenwert und gréRer als ein zweiter F,-Schwellenwert ist, der kleiner als der erste F,-Schwel-
lenwert ist, wird das Ventil geschlossen und ist die Zellz&hlvorrichtung dazu konfiguriert, darauf umzuschalten,
im zweiten Betriebsmodus betrieben zu werden; und/oder

- falls die geschatzte Zelldichte einen zweiten Zelldichteschwellenwert iberschreitet, der kleiner als der erste
Zelldichteschwellenwert ist, ist die Zellzahlvorrichtung dazu angeordnet, mit einer erhdhten Frequenz vom
zweiten Betriebsmodus auf den ersten Betriebsmodus umzuschalten.

Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche, ferner umfassend einen Rihrer, der dazu konfi-
guriert ist, die Probe derart zu riihren, dass jede Teilprobe mit der Probe ausgetauscht wird, wobei bevorzugt der
Ruhrer dazu angeordnet ist, durch eine Seitenwand der Kammer zu verlaufen.

Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche, wobei das Volumen jeder Teilprobe zwischen 0,5
% und 50 % des Probenvolumens betragt.

Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche, wobei die Probe Zellen unterschiedlicher GroRen
umfasst und die Steuervorrichtung ferner dazu konfiguriert ist, eine durchschnittliche F,, pro Zelle fir die Zellen zu
berechnen, die zu der Verteilung beitragen, wobei bevorzugt die Steuervorrichtung ferner dazu konfiguriert ist, die
F, zu schatzen, die den Zellen zuschreibbar ist, die zu der Verteilung beitragen, wobei weiter bevorzugt die Steu-
ervorrichtung ferner dazu konfiguriert ist, die F,,, die den Zellen zuschreibbar ist, die zu der Verteilung beitragen,
von der gesamten F, zu subtrahieren, um die F, zu schatzen, die Zellen zuschreibbar ist, die eine Schwellen-F,
pro Zelle aufweisen, die zu klein ist, um zu der Verteilung beizutragen, wobei am meisten bevorzugt die Schwellen-
F, pro Zelle etwa 5 % der durchschnittlichen F, fur die Zellen betragt, die zu der Verteilung beitragen.

Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche, wobei die Zellzdhlvorrichtung eine Messvorrichtung
und eine Rechenvorrichtung umfasst, wobei die Messvorrichtung die Kammer, die mindestens eine Lichtquelle und
den Lichtdetektor umfasst, und ferner umfassend eine Schnittstelle zum elektronischen Koppeln der Vorrichtung
an die Rechenvorrichtung, und die Rechenvorrichtung die Steuervorrichtung umfasst und ferner eine Schnittstelle
zum elektronischen Koppeln der Rechenvorrichtung an die Messvorrichtung derart umfasst, dass die Rechenvor-
richtung ein elektronisches Signal empfangt, das dem empfangenen Licht zugeordnet ist.

System, umfassend:

ein Ballastwasseraufbereitungssystem; und
die Zellzahlvorrichtung nach einem der vorhergehenden Anspriiche,
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wobei die Zellzahlvorrichtung dazu konfiguriert ist, das Ballastwasseraufbereitungssystem zu steuern, um ein
Mittel zum Eliminieren von lebenden Zellen zu aktivieren, falls die geschatzte Zelldichte einen Zelldichteschwel-
lenwert Uberschreitet.

12. Verfahren zum Zahlen von Zellen, umfassend:
fiir eine vorbestimmte Anzahl von Teilproben einer Probe:

Generieren einer Vielzahl von Lichtimpulsen und Emittieren derselben in Richtung einer der vorbestimmten
Anzahl von Teilproben; und

Empfangen eines von der Teilprobe emittierten Lichts in Zeitintervallen, die kleiner als die Dauer jedes Lichtim-
pulses sind, um als Reaktion auf das Empfangen des mindestens einen Lichtimpulses ein Lichtsignal zu bilden,
und Generieren eines dem empfangenen Licht zugeordneten elektronischen Signals; und wobei das Verfahren
ferner Folgendes umfasst:

Berechnen und Speichern eines Werts einer variablen Fluoreszenz [F, ] jeder Teilprobe in der vorbestimmten
Anzahl von Teilproben durch Schétzen einer minimalen Fluoreszenz [F ] jeder Teilprobe unter Verwendung
einer Regressionsanalyse eines ersten Teils des Lichtsignals, Schatzen einer maximalen Fluoreszenz [F ]
jeder Teilprobe unter Verwendung einer Regressionsanalyse eines zweiten Teils des Lichtsignals und
Subtrahieren von F von F, flr jede Teilprobe;

Berechnen des Mittelwerts der gespeicherten F,-Werte und Speichern des Abstands von dem Mittelwert
jedes F-Werts, um eine Vielzahl von Absténden zu erlangen; und

Integrieren der Verteilung der Vielzahl von Abstanden, um einen Schatzwert der Anzahl von photoaktiven
Zellen in der Probe bereitzustellen.

13. Verfahren nach Anspruch 12, wobei:

- die Zellen biologische Fluorophore sind, wobei bevorzugt die Probe Ballastwasser ist und die Zellen Phyto-
plankton sind; und/oder
- das Verfahren ferner Aufbringen eines photoaktiven organischen Farbstoffs auf die Zellen umfasst.

Revendications

Dispositif de comptage de cellules destiné a I'estimation du nombre de cellules photoactives dans un échantillon,
le dispositif comprenant :

une chambre destinée a recevoir un échantillon ;

au moins une source de lumiére pour générer une pluralité d'impulsions de lumiére et pour émettre la pluralité
d’impulsions de lumiére vers une section de la chambre, ladite section de la chambre comprenant un sous-
échantillon de I’échantillon ;

un détecteur de lumiére pour recevoir la lumiére émise par le sous-échantillon a des intervalles de temps
inférieurs a la durée de chaque impulsion de lumiere pour former un signal de lumiére en réponse a la réception
de la au moins une impulsion de lumiére et pour générer un signal électronique associé a la lumiére regue ; et
un dispositif de commande configuré pour :

calculer et stocker une valeur de fluorescence variable [F,] de chaque sous-échantillon dans le nombre
prédéfini de sous-échantillons, en estimant une fluorescence minimale [F ] de chaque sous-échantillon a
I'aide d’'une analyse de régression d’'une premiére partie du signal de lumiere, estimant une fluorescence
maximale [F,] de chaque sous-échantillon en utilisant une analyse de régression d’une seconde partie du
signal de lumiére, et en soustrayant F, de F, pour chaque sous-échantillon ;

calculer la moyenne des valeurs F,, stockées et stocker la distance a la moyenne de chaque valeur F,, pour
obtenir une pluralité de distances ; et

intégrer la distribution de la pluralité de distances pour fournir une estimation du nombre de cellules pho-
toactives dans I'échantillon.

2. Dispositif de comptage de cellules selon la revendication 1, ladite au moins une source de lumiére étant configurée
pour générer des impulsions de lumiere possédant une fréquence comprise entre 10 Hz et 100 Hz et une durée
comprise entre 200 ps et 700 ps.
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Dispositif de comptage de cellules selon la revendication 1 ou la revendication 2, ledit dispositif de commande étant
configuré pour estimer la densité de cellule de I'échantillon en divisant I'estimation du nombre de cellules par le
volume de I'échantillon.

Dispositif de comptage de cellules selon la revendication 3, ledit dispositif de commande étant configuré pour réaliser
une action si la densité de cellule estimée est supérieure a un premier seuil de densité de cellule, de préférence :
ledit dispositif de comptage de cellules comprenant en outre un moyen pour indiquer a l'utilisateur que la densité
de cellule estimée dépasse le premier seuil de densité de cellule, ladite action comprenant la commande du moyen
d’indication, mieux encore ledit moyen d’indication comprenant au moins I'un d’un dispositif d’affichage, d’'une alarme
et d’'un voyant lumineux ;

- ledit dispositif de comptage de cellules étant couplé a un systéme de traitement d’eau de ballast, et ledit
dispositif de commande étant configuré pour réaliser une action comprenant la commande du systéme de
traitement d’eau de ballast pour éliminer les cellules vivantes ; ou

- ledit dispositif de comptage de cellules étant couplé a un dispositif d’affichage externe, et ledit dispositif de
commande étant configuré pour réaliser une action comprenant la commande du dispositif d’affichage externe
pour afficher un message.

Dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, comprenant en outre
une sortie en communication fluidique avec la chambre pour drainer I'échantillon de la chambre, de préférence
comprenant en outre une entrée en communication fluidique avec la chambre, agencée de sorte que I'eau puisse
s’écouler en continu a partir de I'entrée, a travers la chambre, jusqu’a la sortie dans un premier mode de fonction-
nement, mieux encore ladite chambre comprenant un élément de blocage amovible pour bloquer I'entrée ou la
sortie pour permettre a un échantillon discret d’étre mesuré dans un second mode de fonctionnement, éventuellement
ledit élément de blocage comprenant un agitateur configuré pour agiter I'échantillon, de sorte que chaque sous-
échantillon soit échangé avec I'échantillon.

Dispositif de comptage de cellules selon 'une quelconque des revendications 5, comprenant en outre une soupape
agencée dans au moins I'une de I'entrée ou de la sortie servant a permettre au dispositif de comptage de cellules
d’alterner entre le premier mode de fonctionnement et le second mode de fonctionnement, dans le premier mode
de fonctionnement, ladite soupape étant ouverte, et dans le second mode de fonctionnement, ladite soupape étant
fermée, de préférence :

- ledit dispositif de commande étant configuré pour calculer la fluorescence variable d’un sous-échantillon
pendant que le dispositif de comptage de cellules fonctionne dans le premier mode de fonctionnement, et si la
fluorescence variable est inférieure a un premier seuil de F,, et est supérieure a un second seuil de F,, qui est
inférieur & au premier seuil de F,, ladite soupape étant fermée et ledit dispositif de comptage de cellules étant
configuré pour commuter afin de fonctionner dans le second mode de fonctionnement ; et/ou

- si la densité de cellule estimée dépasse un second seuil de densité de cellule inférieur au premier seuil de
densité de cellule, ledit dispositif de comptage de cellules étant agencé pour commuter dans le premier mode
de fonctionnement a partir du second mode de fonctionnement a une fréquence accrue.

Dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, comprenant en outre
un agitateur configuré pour agiter I'échantillon, de sorte que chaque sous-échantillon soit échangé avec I'échantillon,
de préférence ledit agitateur est agencé pour passer a travers une paroi latérale de la chambre.

Dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, ledit volume de chaque
sous-échantillon étant compris entre 0,5 % et 50 % du volume d’échantillon.

Dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, ledit échantillon com-
prenant des cellules de tailles différentes, et ledit dispositif de commande étant en outre configuré pour calculer
une F, moyenne par cellule pour les cellules contribuant & la distribution, de préférence ledit dispositif de commande
étant en outre configuré pour estimer la F,, attribuable aux cellules qui contribuent & la distribution, mieux encore
ledit dispositif de commande étant en outre configuré pour soustraire la F,, attribuable aux cellules qui contribuent
a la distribution de la F,, totale pour estimer la F, attribuable aux cellules possédant un seuil de F,, par cellule qui
est trop petit pour contribuer a la distribution, idéalement ledit seuil de F,, par cellule étant d’environ 5 % de la F,,
moyenne pour les cellules qui contribuent a la distribution.
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10. Dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, ledit dispositif de comp-
tage de cellules comprenant un dispositif de mesure et un dispositif informatique, ledit dispositif de mesure com-
prenant la chambre, la au moins une source de lumiére et le détecteur de lumiére, et comprenant en outre une
interface pour coupler électroniquement le dispositif au dispositif informatique, et ledit dispositif informatique com-
prenant le dispositif de commande et comprenant en outre une interface pour coupler électroniquement le dispositif
informatique au dispositif de mesure de sorte que le dispositif informatique regoive un signal électronique associé
a la lumiére regue.

11. Systéme comprenant :

un systeme de traitement d’eau de ballast ; et

le dispositif de comptage de cellules selon I'une quelconque des revendications précédentes, ledit dispositif de
comptage de cellules étant configuré pour commander le systéme de traitement d’eaux de ballast pour activer
un moyen pour éliminer les cellules vivantes sila densité de cellule estimée dépasse un seuil de densité de cellule.

12. Procédé de comptage de cellules, comprenant :
pour un nombre prédéfini de sous-échantillons d’'un échantillon :

la génération d’une pluralité d'impulsions de lumiére et I'’émission de celles-ci vers I'un du nombre prédéfini de
sous-échantillons ; et

la réception d’'une lumiere émise par le sous-échantillon a des intervalles de temps inférieurs a la durée de
chaque impulsion de lumiéere pour former un signal de lumiere en réponse a la réception de la au moins une
impulsion de lumiére et la génération d’un signal électronique associé a la lumiere regue ; et le procédé com-
prenant en outre :

le calcul et le stockage d’une valeur de fluorescence variable [F,] de chaque sous-échantillon dans le
nombre prédéfini de sous-échantillons, en estimant une fluorescence minimale [F,] de chaque sous-échan-
tillon a 'aide d’'une analyse de régression d’'une premiére partie du signal de lumiére, en estimant une
fluorescence maximale [F,] de chaque sous-échantillon en utilisant une analyse de régression d’une se-
conde partie du signal de lumiére, et en soustrayant F, de F, pour chaque sous-échantillon ;

le calcul de la moyenne des valeurs F,, stockées et le stockage de la distance a partir de la moyenne de
chaque valeur de F,, pour obtenir une pluralité de distances ; et

l'intégration de la distribution de la pluralité de distances pour fournir une estimation du nombre de cellules
photoactives dans I'échantillon.

13. Procédé selon la revendication 12,
- lesdites cellules étant des fluorophores biologiques, de préférence ledit échantillon étant de I'eau de ballast,

et lesdites cellules étant du phytoplancton ; et/ou
- ledit procédé comprenant en outre I'application d’'un colorant organique photoactif sur les cellules.
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